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%\UHDUUDQJLQJHTXDWLRQVDQGWRFUHDWHHTXDWLRQWKHSURFHVVHIILFLHQF\FDQEHFDOFXODWHGEDVHGRQ
WKHPHDVXUHGVXSSOLHGODVHUSRZHUPB WKHDGGLWLRQDOPDVVRQWKHVXEVWUDWHǻmDQGWKHFURVVVHFWLRQDODUHDLQ WKH
VXEVWUDWHA2
([SHULPHQWDOVHWXS
7KHXWLOL]HGSRZGHUEDVHGODVHUGHSRVLWLRQZHOGLQJSDFNDJHE\FRPSDQ\7UXPSI/DVHU*PE+LVEDVHGRQDGLVF
ODVHUZLWKDPD[LPXPLQSXWSRZHURIN:$WUDQVSRUWILEHULVXVHGWRGLUHFWWKHODVHUUDGLDWLRQWRWKHSURFHVVLQJ
KHDG7KHSURFHVVLQJKHDGLVHTXLSSHGZLWKPRWRUL]HGIRFXVSRVLWLRQDGMXVWPHQW7KLVPHDQVWKDWWKHGLDPHWHURI
WKH ODVHU EHDPFDQEH DGDSWHG WR WKHZHOGLQJ WDVN EHWZHHQ DQGPP LI WKH SRZGHU IRFXV LV LQ D FRQVLVWHQW
SRVLWLRQ)RUWKHSUHVHQWHGUHVXOWVDIRFDOGLDPHWHURIPPZDVXVHGH[FOXVLYHO\7KHXVHGQR]]OHZDVDFRD[LDO
WKUHHVWUHDPSRZGHUQR]]OH$D[LVDUWLFXODWHGURERWZDVUHVSRQVLEOHIRUWKHUHODWLYHPRYHPHQWEHWZHHQZHOGLQJ
KHDGDQGZRUNSLHFH$GGLWLRQDOFKDUDFWHULVWLFSDUDPHWHUVRIWKHZHOGLQJV\VWHPDUHOLVWHGLQWDEOH
7DEOH6SHFLILFDWLRQVRI7UXPSI/0'SDFNDJH
$QH[DPSOHRIDFROXPQKHDGLQJ 
7\SHRIODVHU 7UXPSI7UX'LVN
:DYHOHQJWKȜ>P@ 
0D[LPXPODVHUSRZHU3%>:@PHDVXUHG 
)RFDOGLDPHWHUGI>PP@PHDVXUHG 
,QGH[RIGLIIUDFWLRQ0PHDVXUHG 
5D\OHLJKOHQJWK]U>PP@PHDVXUHG 
0D[LPXPSRZGHUPDVVIORZ>JPLQ@PHDVXUHG 

$VDPRWLYDWLRQIRU WKLVH[SHULPHQWDO LQYHVWLJDWLRQKDVEHHQWKHPDQXIDFWXULQJRI WRROVE\DSSO\LQJIXQFWLRQDO
OD\HUVORFDOO\VSHFLILFDOO\DLPHGDWWKHLQWHUDFWLRQ]RQHRIWKHWRRODQXQDOOR\HGHDVLO\ZHOGDEOHVXEVWUDWHPDWHULDO
ZLWKWKHPDWHULDOQXPEHUZDVFKRVHQ7RFUHDWHWKHKDUGOD\HUWKHILOOHUPDWHULDO(X7UR/R\$E\
FRPSDQ\&DVWROLQ*PE+ZDVDSSOLHGRQ WKHVXEVWUDWH7KLVSRZGHU LVDKDUGWRZHOGKLJKO\DOOR\HGKLJKVSHHG
VWHHOZLWKWKHPDWHULDOQXPEHU
7ZRRUWKUHHGLPHQVLRQDOFRQWRXUVDUHFUHDWHGE\SRVLWLRQLQJPXOWLSOHLQGLYLGXDOZHOGWUDFNVQH[WWRDQGRQWRS
RIHDFKRWKHULQDQRYHUODSSLQJPDQQHU$VDFRQVHTXHQFHWKHLQGLYLGXDOZHOGWUDFNLVWKHEDVLFHOHPHQWLQWHUPVRI
SURFHVV WHFKQRORJ\ERWKLQ WKHFRDWLQJDQGUHVWRUDWLRQDQGLQ WKHJHQHUDWLQJRI'VWUXFWXUHV LQ WKHILHOGRI ODVHU
GHSRVLWLRQZHOGLQJ,W LV WKHUHIRUHXVHIXO WRFKDUDFWHUL]HWKHEDVLFFRUUHODWLRQVEDVHGRQLQGLYLGXDOZHOGWUDFNV,Q
RUGHUWRUHGXFHWKHLQIOXHQFLQJIDFWRUVRQHFHQWUDOOLQHDUGHSRVLWLRQZHOGWUDFNZDVDSSOLHGWRVTXDUHVXEVWUDWHVZLWK
DQHGJHOHQJWKRIPP7KHOHQJWKRIWKHZHOGWUDFNFRUUHVSRQGHGWRWKHHGJHOHQJWK7KHPHWURORJLFDOHYDOXDWLRQ
FRPSULVHGPHDVXULQJ WKHDQJXODUGLVWRUWLRQIURPDERYHXVLQJD OLJKWPLFURVFRSHZHLJKLQJ WKHDGGLWLRQDOSRZGHU
PDVVDQGUHFRUGLQJWKHFKDUDFWHULVWLFZHOGVHDPDUHDVDQGOHQJWKVZKLFKDUHPHDVXUDEOHLQWKHPLFURFURVVVHFWLRQ
SROLVK7KHHYDOXDWHGPDWHULDOWKLFNQHVVHVZHUHDQGPP
5HVXOWVDQGGLVFXVVLRQ
4.1. Process efficiency and power balance 
7KHSURFHVVHIILFLHQF\FDQEHFDOFXODWHGE\WKHUDWLRRIPHOWSRZHUWRVXSSOLHGSRZHU7KLVDSSURDFKZKLFKLV
GHULYHG IURP WKH SRZHU EDODQFH DOVR IDFLOLWDWHV WKH TXDQWLILFDWLRQ RI WKH SRZHU SRUWLRQVZKLFK DUH UHTXLUHG IRU
JHQHUDWLQJWKHPHOWSRRODQGIRUPHOWLQJWKHILOOHUPDWHULDOHTXDWLRQ±)LJXUHLOOXVWUDWHVDOOH[DPLQHGSRZHU
OHYHOVIRUWKHWZRDQDO\]HGHQHUJ\SHUXQLWOHQJWKOHYHOV7KHJUHHQDUHDVRIWKHFROXPQVUHSUHVHQWWKHPHOWSRZHURI
WKHSRZGHUPMPZKHUHDVWKHUHGDUHDVUHSUHVHQWWKHPHOWSRZHUUHTXLUHGIRUWKHFUHDWLRQRIWKHPHOWSRROPMS
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,QJHQHUDO WKHSURFHVVHIILFLHQF\IRUERWKHQHUJ\SHUXQLW OHQJWKOHYHOVLQFUHDVHVSURJUHVVLYHO\ZLWKLQFUHDVLQJ
SRZHU$QLQFUHDVLQJVKDUHRIWKHVXSSOLHGSRZHULVWKHUHIRUHXVHGIRUPHOWLQJWKHVXEVWUDWHDQGWKHILOOHUPDWHULDO
7KHIDFWWKDWWKHSURFHVVHIILFLHQF\LQFUHDVHVGHVSLWHFRQVLVWHQWPDVVSHUXQLW OHQJWKDQGHQHUJ\SHUXQLW OHQJWKLV
GXH WR WKH LQFUHDVH LQ LQWHQVLW\%RWK HQHUJ\ SHU XQLW OHQJWK OHYHOV KDYH EHHQ VXEMHFWHG WR WKH VDPH SRZHU OHYHO
SDWWHUQDQGWKHVDPHIRFDOGLDPHWHU$VDFRQVHTXHQFHWKHHQHUJ\GHSRVLWLRQLQWKHVXEVWUDWHDQGWKHILOOHUPDWHULDO
FRQWLQXDOO\LQFUHDVHVZLWKLQFUHDVLQJSRZHU7KLVLVIRUH[DPSOHUHIOHFWHGLQDQLQFUHDVHLQWUDFNZLGWK


)LJ3URFHVVHIILFLHQF\DVDIXQFWLRQRISRZHUDQGHQHUJ\SHUXQLWOHQJWKZLWKFRQVLVWHQWPDVVSHUXQLWOHQJWKDQGGXHFRQVLGHUDWLRQWRWKHPHOW
SRZHURIWKHVXEVWUDWHDQGWKHSRZGHUPDWHULDOIRUWKHPDWHULDOWKLFNQHVVRIPP
%HJLQQLQJDWKLJKHUSRZHU OHYHOVRI: WKHSURFHVVHIILFLHQF\YDOXHV IRU WKH ORZHQHUJ\SHUXQLW OHQJWK
OHYHOSUHVHQWDWUHQGRIEHLQJVOLJKWO\DERYHWKHYDOXHVIRUWKHKLJKHQHUJ\SHUXQLWOHQJWKOHYHO)LJIXUWKHUPRUH
LOOXVWUDWHV WKDW WKH SRZHU VKDUHZKLFK LV XVHG WRPHOW WKH VXEVWUDWH L H JHQHUDWH WKHPHOW SRRO LV VLJQLILFDQWO\
VPDOOHU IRU WKH ORZ HQHUJ\ SHU XQLW OHQJWK OHYHO WKDQ IRU WKH KLJK HQHUJ\ SHU XQLW OHQJWK OHYHO 7KLV WHQGHQF\ LV
SUHVHQWWKURXJKRXWDOOSRZHUOHYHOV$FFRUGLQJO\DODUJHUVKDUHRIWKHPHOWSRZHULVXVHGWRPHOWWKHILOOHUPDWHULDO
DQGUHTXLUHGIRUYROXPHLQFUHDVHRUOD\HUJHQHUDWLRQ7KHHQHUJ\JDLQHGE\FXWWLQJWKHSURFHVVLQJVSHHGLQKDOIZLWK
FRQVLVWHQW PDVV SHU XQLW OHQJWK UHVXOWV LQ D VLJQLILFDQW LQFUHDVH RI WKHPHOW ]RQH LQ WKH VXEVWUDWH DQG FDQQRW EH
XWLOL]HGIRUOD\HUJHQHUDWLRQ
,QWHUPVRIHQHUJ\HIILFLHQF\WKHUHDUHFRQVLGHUDEOHDGYDQWDJHVWRDSSO\LQJWKHORZOHYHORIHQHUJ\SHUXQLWOHQJWK
&RPSDUHGWRWKHKLJKOHYHORIHQHUJ\SHUXQLWOHQJWKDODUJHUVKDUHRIWKHVXSSOLHGSRZHUFDQEHXVHGIRUWKHOD\HU
JHQHUDWLRQZLWKWKHVDPHRUDVOLJKWO\LQFUHDVHGSURFHVVHIILFLHQF\
4.2. Definition of process window 
7KHSURFHVVZLQGRZLVGHILQHGRQ WKHEDVLVRI WZRSURFHVV OLPLWV7KHILUVWSURFHVV OLPLW LV WREHIRXQG LQ WKH
SUR[LPLW\RIORZSRZHUYDOXHVDQGGHULYHGIURPWKHSURFHVVVWDUW7KHGHFLVLYHIDFWRUIRUWKLVLVWKHFOHDUO\YLVLEOH
PHOW]RQHPHDQLQJWKDWDPHWDOOXUJLFDOERQGRIILOOHUDQGVXEVWUDWHPDWHULDOZLWKDSSURSULDWHDGKHVLRQH[LVWVILJ
E
 
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







)LJ'HILQLWLRQRIWKHSURFHVVZLQGRZDLQKRPRJHQHRXVWUDFNEHIRUHSURFHVVVWDUWLQJRXWVLGHWKHSURFHVVZLQGRZEKRPRJHQHRXVWUDFN
ZLWKORZGHOXWLRQLQSURFHVVZLQGRZFWUDFNZLWKH[FHVVLYHGHOXVLRQRXWVLGHWKHSURFHVVZLQGRZ

)XUWKHUPRUHWKHSURFHVVVWDUWZLWKORZSRZHUOHYHOVLVFKDUDFWHUL]HGE\DKRPRJHQHRXVFRQYH[FURVVVHFWLRQRI
WKH ZHOG VHDP )RU ORZHU SRZHU OHYHOV RXWVLGH WKH SURFHVV ZLQGRZ WKH WUDFN ZLGWK LV VXEMHFW WR VLJQLILFDQW
IOXFWXDWLRQV DQG LV FRQVLGHUDEO\ ORZHU WKDQ WKH IRFDO GLDPHWHU 7KH FURVVVHFWLRQ RI WKH ZHOG VHDP LV MDJJHG
ILVVXUHG DQGGHIHFWLYH DQGGHYLDWHV VLJQLILFDQWO\ IURP WKHGHVFULEHG VSKHULFDO VKDSHZLWKLQ WKHSURFHVVZLQGRZ
ILJ D 3HQHWUDWLRQ LQ WKH VXEVWUDWH LV KDUGO\ QRWLFHDEOH 7KLV LQGLFDWHV D YHU\ QDUURZ DQG VKDOORZPHOW SRRO
7KHUHIRUHWKHDGGHGILOOHUPDWHULDOFDQQRWIRUPDSURSHUPHWDOOXUJLFDOERQG
'HILQLQJDQRWKHUSURFHVVOLPLWLVQHFHVVDU\WRGHWHUPLQHDSURFHVVZLQGRZ7KLVVHFRQGOLPLWLVGHWHUPLQHGEDVHG
RQ WKHGHJUHHRIGLOXWLRQ7KHREMHFWLYHRI WKHGHSRVLWLRQZHOGLQJSURFHVV LV DJURZWK LQYROXPH7KHUHIRUH WKH
FURVVVHFWLRQDO DUHD RQ WKH VXEVWUDWH QHHGV WR EH PD[LPL]HG ZLWK DV VPDOO DV SRVVLEOH FURVVVHFWLRQDO DUHD LQ WKH
VXEVWUDWH ,I WKHGHJUHHRIGLOXWLRQH[FHHGVDQH[FHVVLYHVKDUHRI WKHPHOWHGYROXPH LV WUDQVIHUUHG LQWR WKH
VXEVWUDWHILJF7KHFRDWLQJSURFHVVWKHUHIRUHEHFRPHVLQHIILFLHQW


)LJ5HSUHVHQWDWLRQRIWKHSURFHVVZLQGRZEDVHGRQWKHGHJUHHRIGLOXWLRQDQGWKHIHHGUDWHIRUHQHUJ\SHUXQLWOHQJWKOHYHOVRIDQG
-PPDQGDPDWHULDOWKLFNQHVVRIPP
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7KHPHDVXUHPHQWSRLQWVRIWKHJUDSKKLJKOLJKWHGLQFRORULQILJLOOXVWUDWHWKHSURFHVVZLQGRZIRUWZRHQHUJ\
SHUXQLWOHQJWKOHYHOVZLWKFRQVLVWHQWPDVVSHUXQLWOHQJWKE\UHSUHVHQWLQJWKHGHJUHHRIGLOXWLRQDVDIXQFWLRQRIWKH
IHHG UDWH ,Q JHQHUDO WKH GHJUHH RI GLOXWLRQ LQFUHDVHV ZLWK LQFUHDVLQJ IHHG UDWH LQ D QRQOLQHDUPDQQHU IRU ERWK
HQHUJ\SHUXQLWOHQJWKOHYHOV+RZHYHUFRPSDUHGWRWKHORZHQHUJ\SHUXQLWOHQJWKRI-PPWKHKLJKHQHUJ\SHU
XQLW OHQJWK  -PP SUHVHQWV D VLJQLILFDQWO\ IDVWHU LQFUHDVH LQ WKH GHJUHH RI GLOXWLRQ (YHQ DW WKH VPDOOHVW
H[DPLQHG IHHG UDWH RI  PPV D KRPRJHQHRXV GHSRVLWLRQ ZHOG VHDP LV IRUPHG GXH WR WKH ODUJHU HQHUJ\
GHSRVLWLRQ7KHUDSLGLQFUHDVHLQGHJUHHRIGLOXWLRQZLWKLQFUHDVLQJIHHGUDWHUHVXOWVLQDYHU\VPDOOSURFHVVZLQGRZ
ZKLFKDOUHDG\HQGVDWIHHGUDWHVH[FHHGLQJPPV7KLVFRUUHVSRQGVWRDSRZHUUDQJHRIWR:
7KH JUDSK KLJKOLJKWHG LQ UHG VKRZV D VLJQLILFDQWO\ OHVV SURQRXQFHG LQFUHDVH LQ GHJUHH RI GLOXWLRQ&UHDWLQJ D
KLJKTXDOLW\GHSRVLWLRQZHOG VHDP LVSRVVLEOHZLWKLQ D FRQVLGHUDEO\ ODUJHUSRZHU UDQJHEHWZHHQ DQGN:
ZLWKDJHQHUDOO\PXFKKLJKHUIHHGUDWHRIXSWRDSSUR[LPDWHO\PPV5HGXFLQJWKHHQHUJ\SHUXQLWOHQJWKUHVXOWV
LQ D ODUJHU SURFHVV ZLQGRZ %RWK HQHUJ\ SHU XQLW OHQJWK OHYHOV DUH VXEMHFWHG WR DQ LGHQWLFDO SRZHU OHYHO
VHJPHQWDWLRQ7KHHQHUJ\SHUXQLWOHQJWKLVYDULHGE\DGDSWLQJWKHIHHGUDWH'XHWRWKHVKRUWHUSHULRGVRILQWHUDFWLRQ
EHWZHHQODVHUUDGLDWLRQDQGVXEVWUDWHFRPSDUHGWRDQHQHUJ\SHUXQLWOHQJWKRI-PPWKHSURFHVVVWDUWLVPRYHG
WRPXFKKLJKHULQWHQVLWLHV
4.3. Influence of process parameters on track hight, width and angular distortion 
7KHH[SDQGHGSURFHVVZLQGRZIRUWKHORZHUHQHUJ\SHUXQLWOHQJWKKDVEHQHILFLDOHIIHFWVRQWKHWUDFNZLGWKVDQG
KHLJKWVZKLFKFDQEHDFKLHYHGZLWKLQWKHSURFHVVZLQGRZ7KHWUDFNZLGWKVIRUERWKHQHUJ\SHUXQLWOHQJWKOHYHOV
LQFUHDVHLQDQRQOLQHDUIDVKLRQGXHWRWKHLQFUHDVLQJVXSSOLHGHQHUJ\ZLWKLQFUHDVLQJSRZHU,QWKHSURFHVVZLQGRZ
IRU WKH ORZHU HQHUJ\ SHU XQLW OHQJWK FRPSDUDEOH RU HYHQ KLJKHU WUDFN ZLGWKV ILJ D FDQ EH DFKLHYHG ZLWK
VLJQLILFDQWO\ODUJHUIHHGUDWHVGHVSLWHWKHORZHQHUJ\SHUXQLWOHQJWKGXHWRWKHKLJKHUSURFHVVHIILFLHQF\VHHILJ


)LJD7UDFNZLGWKDQGEWUDFNKHLJKWDVDIXQFWLRQRIWKHIHHGUDWHIRUHQHUJ\SHUXQLWOHQJWKOHYHOVRIDQG-PPDQGPDWHULDO
WKLFNQHVVHVRIDQGPP
&RQVLGHULQJWKHHQWLUHH[WHQWRIVDPSOHVHYHQRXWVLGHWKHSURFHVVOLPLWVWKHWUDFNZLGWKVIRUWKHKLJKHUHQHUJ\
SHU XQLW OHQJWK DUH DSSUR[LPDWHO\  P ODUJHU WKDQ WKRVH RI WKH ORZHU HQHUJ\ SHU XQLW OHQJWK 7KH PDLQ
LQIOXHQFLQJ YDULDEOHV IRU WKH YDULDWLRQ RI WKH VHDP ZLGWK DUH WKH HQHUJ\ SHU XQLW OHQJWK DQG WKH IRFDO GLDPHWHU
+JHO7KHPD[LPXPWUDFNZLGWKRIPPLVWKHUHIRUHDFKLHYHGDWDQHQHUJ\SHUXQLWOHQJWKRI-PP
ZLWK WKHPD[LPXPIHHG UDWHRIPPVZKLFKFRUUHVSRQGV WR WKHPD[LPXPRXWSXWSRZHURIN:7KH VHWRI
SDUDPHWHUV LOOXVWUDWHV WKH LQHIILFLHQW SURFHVVPDQDJHPHQW RXWVLGH WKHSURFHVVZLQGRZZLWKXQDGDSWHG HQHUJ\SHU
D E
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XQLW OHQJWK7KHGHJUHHRIGLOXWLRQGHPRQVWUDWHV WKDWPHUHO\RI WKHPHOWHGYROXPHJR WRZDUGV WKH OD\HULQJ
SXUSRVHVHHILJ
7KH HQHUJ\ VXUSOXVZKLFK FDXVHV WKH H[WHQGHG WUDFNZLGWK LQ FRPSDULVRQ WR WKH HQHUJ\ SHU XQLW OHQJWK RI 
-PPGRHVQRWFRQWULEXWHWRDQLQFUHDVHLQWUDFNKHLJKW7KHPHDVXUHGWUDFNKHLJKWYDOXHVIRUERWKHQHUJ\SHUXQLW
OHQJWKOHYHOVDV\PSWRWLFDOO\DSSURDFKDYDOXHRIPZLWKLQFUHDVLQJIHHGUDWH7KHPDLQUHDVRQIRUWKLVLVWKH
PDVVSHUXQLWOHQJWKZKLFKLVFRQVLVWHQWIRUERWKHQHUJ\SHUXQLWOHQJWKOHYHOV7KHPDVVSHUXQLWOHQJWKLVWKHPDLQ
LQIOXHQFLQJYDULDEOHZLWK UHJDUG WR WKH DFKLHYDEOH WUDFNKHLJKW +JHO  ,Q DQDORJ\ WR WKH VHDPZLGWK WKH
WUDFNKHLJKWVUHVXOWLQJIURPSURFHVVLQJZLWKORZHQHUJ\SHUXQLWOHQJWKZLWKLQWKHSURFHVVZLQGRZDUHFRPSDUDEOH
RUHYHQODUJHUWKDQWUDFNKHLJKWVUHVXOWLQJIURPSURFHVVLQJZLWKDQHQHUJ\SHUXQLWOHQJWKRI-PP7KHIHHGUDWH
KHUHZDV XS WR HLJKW WLPHV KLJKHUZKHUHDV WKH GHJUHH RI GLOXWLRQZDV VPDOOHU$V D FRQVHTXHQFH WKH HFRQRPLF
IHDVLELOLW\RIWKHFRDWLQJSURFHVVFDQEHLQFUHDVHGE\DSSO\LQJDGDSWHGHQHUJ\SHUXQLW OHQJWKOHYHOVDVGHSRVLWLRQ
WUDFNVRIWKHVDPHJHRPHWULFDOGLPHQVLRQVFDQEHFUHDWHGLQDVKRUWHUDPRXQWRIWLPH
7KHGHWHUPLQHGDQJXODUGLVWRUWLRQSUHVHQWVDVOLJKWO\XSZDUGWUHQGZLWKLQFUHDVLQJSRZHUWKURXJKRXWWKHHQWLUH
UDQJHRIVDPSOHV%\PDLQWDLQLQJDFRQVLVWHQWIRFDOGLDPHWHUWKHUDGLDWLRQGHQVLW\LQWKHLQWHUDFWLRQ]RQHLQFUHDVHV
ZLWK LQFUHDVLQJSRZHUVHHILJZKLFKUHVXOWV LQJURZLQJPHOWGHSWKV DUHDV6LQFHDQJXODUGLVWRUWLRQVKRZVD
SURSRUWLRQDO UHODWLRQVKLS ZLWK WKH PHOWHG YROXPH WKH GLVWRUWLRQ LQFUHDVHV ZLWK LQFUHDVLQJ SRZHU DQG FRQVLVWHQW
HQHUJ\SHUXQLWOHQJWK+H&RPSDULQJWKHWZROHYHOVRIHQHUJ\SHUXQLWOHQJWKLWEHFRPHVDSSDUHQWWKDWWKH
DQJXODUGLVWRUWLRQVFDOHVZHOOZLWKWKHHQHUJ\SHUXQLWOHQJWK$VDUHVXOWRIUHGXFLQJWKHHQHUJ\SHUXQLWOHQJWKE\
GRXEOLQJWKHSURFHVVLQJVSHHGWKHDPRXQWRIDQJXODUGLVWRUWLRQLVFXWLQKDOI&RQVHTXHQWO\WKHWKHUPDOVWUHVVRQ
WKHFRPSRQHQWGHFUHDVHVGXHWRWKHDGDSWDWLRQRIWKHHQHUJ\SHUXQLWOHQJWKE\LQFUHDVLQJWKHSURFHVVLQJVSHHG
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:LWKLQWKHGHILQHGSURFHVVOLPLWVGHSRVLWLRQZHOGLQJZLWKDUHGXFHGHQHUJ\SHUXQLWOHQJWKRI-PPGLVSOD\V
PDQ\ EHQHILWV &RPSDUDEOH RU HYHQ ODUJHU WUDFN ZLGWKV DQG KHLJKWV FDQ EH DFKLHYHG ZLWK VLJQLILFDQWO\ KLJKHU
SURFHVVLQJVSHHGVDQGFRQVLGHUDEO\VPDOOHUGLVWRUWLRQDQJOHV
&RQFOXVLRQ
%DVHGRQ WKHFRPPDQGYDULDEOHVRI WUDFNZLGWKDQGKHLJKWZKLFKDUH WREHPD[LPL]HG LQGHSRVLWLRQZHOGLQJ
FRPSDUDEOHGHSRVLWLRQZHOGWUDFNVFRXOGEHFUHDWHGZLWKLQWKHGHWHUPLQHGSURFHVVOLPLWVXVLQJWKHWZRHQHUJ\SHU
XQLWOHQJWKOHYHOVZKLOHPDLQWDLQLQJDFRQVLVWHQWPDVVSHUXQLWOHQJWK7KHUHGXFWLRQRIWKHHQHUJ\SHUXQLWOHQJWKE\
LQFUHDVLQJWKHSURFHVVLQJVSHHG\LHOGHGVLJQLILFDQWDGYDQWDJHVZLWKLQWKHGHWHUPLQHGSURFHVVZLQGRZ
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%\ H[SDQGLQJ WKH SURFHVV ZLQGRZ PRUH HIILFLHQW SURFHVVLQJ ZLWK LQFUHDVHG SURFHVV HIILFLHQFLHV ZDV PDGH
SRVVLEOHGXH WR WKH LQFUHDVHGXWLOL]DEOHSRZHUVSHFWUXP7KHHFRQRPLFIHDVLELOLW\RI WKHFRDWLQJSURFHVVFRXOGEH
VLJQLILFDQWO\LQFUHDVHGE\XVLQJSURFHVVLQJVSHHGVXSWRHLJKWWLPHVKLJKHUWKDQEHIRUH7KHSURFHVVHIILFLHQF\ZDV
DOVRLQFUHDVHGLQWHUPVRIHQHUJ\DVDQLQFUHDVLQJVHFWLRQRIWKHPHOWLQJSRZHUZDVXVHGWRPHOWWKHILOOHUPDWHULDO
WKXVFUHDWLQJDPHOWSRROZLWKDORZWUDFNGHSWK)XUWKHUPRUHLQFUHDVLQJWKHSURFHVVLQJVSHHGOHGWRDUHGXFWLRQRI
WKH HQHUJ\ LQSXW LQWR WKH FRPSRQHQW7KH WKHUPDO VWUHVV RQ WKH FRPSRQHQWZDV UHGXFHG DFFRUGLQJO\ZKLFKZDV
UHIOHFWHGE\UHGXFHGGLVWRUWLRQDQJOHV
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